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REMARKS 

This application has been amended in a manner that is 
believed to place it in condition for allowance at the time of 
the next Official Action. 

Claims 26, 29-30, 32, 35-43 and 48-51 are pending in 
the application. The claims have been amended to address the 
formal matters raised in the outstanding Official Action. Claims 
1-25, 27-28, 31, 33-34, 44-47 and 52-54 have been canceled. 
35 USC 112 (indef initeness) 

Claim 31 has been canceled. 

Claim 34 was alleged to be indefinite in view of the 
term "a conserve splice site border sequence". However, 
paragraph [0021] of U.S. 2006/0246457 states that around the 
actual splice site "borders" or "junctions" are found which have 
conserved sequences . The conserved border sequences can be 
aligned to identify a "consensus" border sequence. It is 
believed to be apparent that the term is therefore referring to 
this wording, namely the conserved border sequences of splice 
sites. See also [0018]. 

Nonetheless, in the interest of advancing prosecution, 
applicants have canceled claim 34 and incorporated the following 
clarification in claim 26: "...an S3P primer, comprising at least 
part of a consensus sequence of a splice-site border sequence. 
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Accordingly, it is believed that the term is definite to one 
skilled in the art. 

Claims 39-40 allegedly lacked antecedence regarding 
"the consensus sequence". Independent claim 26 recites "a 
consensus sequence". Thus, applicants believe claim 26 provides 
antecedent basis for this term. 

Claim 48 has been amended so it is dependent on claim 
43 and now recites that "at least two different primer sets are 
utilized." As a result, applicants ask that this rejection be 
withdrawn . 

35 USC 102 (anticipation) 

Claims 26, 30-32, 34 and 36-40 were allegedly 
anticipated by CASKEY. This rejection is traversed. CASKEY 
describes multiplex PCR to amplify DNA. CASKEY does not utilize 
adaptor ligated fragments and does not involve the use of at 
least one AFLP primer (which anneals to the adapter and has at 
least one selective nucleotide) . Indeed, the Official Action 
does not contend otherwise and applicants ask that the 
anticipation rejection be withdrawn. 

Claims 26, 30-32, 37, 39-40 were rejected as allegedly 
being anticipated under 102(e) by NICHOLSON. This rejection is 
traversed . 

NICHOLSON teaches amplification of mRNA only, whereby 
the primer pairs span the exon-intron boundary so that only fully 
spliced mRNA is amplified (Col. 11, lines 46-48). In contrast, 
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the amended claims relate to DNA amplification. Moreover, 
NICHOLSON fails to disclose AFLP primers with at least one 
selective nucleotide or adapter as claimed. Thus, applicants ask 
that the anticipation rejection be withdrawn. 

Claims 26, 30-32, 34, 36-40 were allegedly anticipated 
by THOMANN . This rejection is traversed. 

THOMANN describes sequencing a gene across intron-exon 
boundaries using evenly spaced primers, or "tiled" primers (page 
3, lines 11-16 and Fig. 1). No ALFP primer, with at least one 
selective nucleotide, or adapter is used in the method of 
THOMANN . 

Thus, applicants ask that the rejection be withdrawn. 

Claims 26-32, 39-43 and 48 were allegedly anticipated 
by HARDY. This rejection is traversed. 

The method of HARDY differs in several aspects of the 
claimed invention. For example, the passages cited by the 
Official Action describe ligation-mediated PCR (LM-PCR) using the 
method of MUELLER et al . (Science 1989, 246:780-786). LM-PCR 
involves fragments containing a linker at one end and no added 
sequence at the other end (see GARRITY and WOLD, 1992, Proc . 
Natl. Acad. Sci . USA Vol . 89, Fig. 1). 

In contrast, the claimed fragments comprise an adapter 
at each end. Moreover, the linker primer (LM-primer) used in LM- 
PCR is complementary to the linker only and contains no selective 
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nucleotides. Thus, there is no recognition of an AFLP primer as 
claimed . 

HARDY also describes the use of an "exon-derived" 
primer in Example 3 "for exon-intron boundary sequencing" 
together with the LM-primer. The exon-derived primer is 
complementary to the exon only, i.e. it does not contain a part 
complementary to the intron and the exon of the splice site. The 
exon-primer anneals to the exon only (corresponding to "primer 2" 
in GARRITY and WOLD, 1992, Proc. Natl. Acad. Sci. USA Vol. 89, 
Fig. 1). The amplification product of LM-primer + exon-drived 
primer amplifies the exon-intron boundary containing DNA, but the 
exon-derived primer is not itself spanning the exon-intron 
boundary. The exon-derived primer is therefore not an S3P primer 
in accordance with the present invention. 

The claims are therefore not anticipated by HARDY. 
35 USC 103 (obviousness) 

Claims 27-29, 33, 35, 41-43 and 48-51 were rejected as 
allegedly being obvious over CASKEY in view of VOS . This 
rejection is traversed. 

CASKEY does not use an AFLP primer with at least one 
selective nucleotide and does not amplify DNA fragments having 
adapters at both ends using an AFLP primer and an S3P primer. As 
noted above, CASKEY describes "multiplex" PCR, i.e. the 
simultaneous amplification of specific sequences (col. 4, lines 
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57-59} using 2, 3, 4 or even more primer pairs simultaneously 
(col. 8, lines 9-16; col. 3, lines 1-5). 

The primer pairs are thus complementary to specific, 
known DNA sequences, such as exons of a gene or intron-exon 
boundaries of a specific gene. The aim of the method is to 
simultaneously amplify different parts of a specific gene to be 
able to detect deletions in the gene, which may cause a different 
protein to be made due to the deletion of an exon or of a splice 
site. The deletions result in different splicing and a different 
combination of exons (col. 4, lines 53-56). 

VOS teaches the use of primer pairs containing 
selective nucleotides to amplify DNA fragments having adapters at 
both ends. No prior knowledge of the fragments to be amplified 
is needed, as the primers anneal to the adapters and the fragment 
number is reduced randomly, by adding selective nucleotides. 

Applicants respectfully submit that one skilled in the 
art would lack a reason to combine and modify the publications so 
as to obtain the claimed invention. CASKEY developed a method to 
replace the consecutive PCR amplification of specific (known) 
gene parts with a simultaneous amplification. VOS describes a 
method for "fingerprinting" i.e. for detecting variation in DNA 
which is unknown in its sequence information. The use of 
adaptors and adaptor specific primers (e.g. AFLP primers) in the 
method of CASKEY would obviate the specificity sought by CASKEY. 
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Indeed, the Official Action fails to explain why one 
skilled in the art would combine and modify the publications but 
still take into account the use of adapters, the use of 
restriction fragments as a template, changing two specific primer 
pairs into the combination of one AFLP primer and one S3P primer, 
or changing the specific S3P primer into a more "general" S3P 
primer which is complementary to "consensus" sequences of splice- 
site borders to amplify gene-related regions in a fingerprint, 
i.e. enriching a fingerprint for "genie" regions. 

Moreover, VOS teaches that two AFLP primers should be 
used in an amplification and discourages one skilled in the art 
from not using two AFLP primers (page 4411, LH Col. last 
paragraph) . 

VOS states "Careful primer design is crucial for 
successful PCR amplification. AFLP primers consist of three 
parts: the 5' part corresponding to the adaptor, the restriction 
site sequence and the 3' selective nucleotides. Therefore, the 
design of AFLP primers is mainly determined by the design of the 
adaptors, which are ligated to the restriction fragments." 
Accordingly, applicants believe that one skilled in the art would 
lack a reason to combine and modify the publications to obtain 
the claimed invention. 

The Supreme Court recently addressed the issue of 
obviousness in KSR International Co. v. Teleflex Inc., 127 S.Ct. 
1727, 167 L.Ed. 2d 705 (2007) . While the KSR Court rejected a 
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rigid application of the teaching, suggestion, or motivation 
("TSM") test in an obviousness inquiry, the Court acknowledged 
the importance of identifying "a reason that would have prompted 
a person of ordinary skill in the relevant field to combine the 
elements in the way the claimed new invention does" in an 
obviousness determination. KSR, 127 S . Ct . at 1731. 

Moreover, the Court indicated that there is "no 
necessary inconsistency between the idea underlying the TSM test 
and the Graham analysis." Id. As long as the test is not applied 
as a "rigid and mandatory" formula, that test can provide 
"helpful insight" to an obviousness inquiry. Id. 

In view of the fundamental differences between the two 
publications as outlined above, applicants submit that one 
skilled in the art would have lacked a reason to modify the 
publications to obtain the claimed invention. Thus, applicants 
ask that the obviousness rejection be withdrawn. 

Claims 27-29, 33, 35, 41-43 and 48 were rejected as 
allegedly being obvious over NICHOLSON in view of VOS . This 
rejection is traversed. 

NICHOLSON relates to a method of modulating bone 
resorption. In studying this issue, NICHOLSON describes the use 
of semi-quantitative PCR for detecting a specific mRNA 
transcript, using primers which are specific for that mRNA 
transcript, in particular for the already spliced version of the 
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transcript. Table 4 shows that the primers are specific for 
transcripts of certain genes (GAPDH, OPG or RANK) . 

As noted above, NICHOLSON stands in contrast to claim 26. 
The template is different (spliced RNA) , the template is not a 
restriction fragment, no adaptors are ligated to the template, 
the primers do not contain at least part of a consensus sequence 
of a splice site border sequence, an AFLP primer is not used and 
non-selective nucleotides are used. 

Furthermore, NICHOLSON relates to (semi-quantitative) 
gene expression analysis and not to fingerprinting techniques. 
The document is therefore in a different field of technology and 
serves a different purpose than the claimed invention. In this 
regard NICHOLSON would not have been considered by the skilled 
person in the field of fingerprinting. 

VOS teach the use of AFLP primer pairs containing 
selective nucleotides to amplify DNA fragments having adapters at 
both ends. The AFLP technique is based on the selective PCR 
amplification of restriction fragments from a total digest of 
genomic DNA. The techniques involves three steps: 

(i) restriction of the DNA and ligation of 
oligonucleotide adapters, 

(ii) selective amplification of sets of restriction 
fragments, and 

(iii) gel analysis of the amplified fragments. 
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PCR amplification of restriction fragments is achieved 
by using the adapter and restriction site sequence as target 
sites for primer annealing. The selective amplification is 
achieved by the user of primers that extend into the restriction 
fragments, amplifying only those fragments in which the primer 
extensions match the nucleotides flanking the restriction sites. 

Using this method, sets of restriction fragments may be 
visualized by PCR without knowledge of a nucleotide sequence. 
The method allows the specific co-amplification of high numbers 
of restriction fragments. Whether the number of fragments that 
can be analyzed simultaneously, however, is dependent on the 
resolution of the detection system. Typically 50-100 restriction 
fragments are amplified and detected on denaturing polyacrylamide 
gels . 

In view of the differences between NICHOLSON and VOS, one 
skilled in the art would lack a reason to combine and modify the 
publications in a manner so as to obtain the claimed invention. 

Claims 49-51 were rejected as allegedly being 
unpatentable over NICHOLSON in view of VOS and further in view of 
THOMANN. This rejection is traversed. 

In an effort to remedy the deficiencies of NICHOLSON and 
VOS for reference purposes, the Official Action cites to THOMANN. 

However, THOMANN describes the analysis of "gene 
structure" as defined as "the order of exons and introns in the 
chromosomal copy of a gene" (page 2, lines 21-22), whereby the 
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mature mRNA is sequenced (page 3, line 3) . But the genomic 
region and the mature mRNA / cDNA is sequenced using "tiled 
primers" (page 3, lines 13-14) and the two sequences are compared 
whereby the introns can be identified. The sequence comparison 
also reveals the presence of conserved or consensus sequences of 
introns - exon boundaries in the sequence comparison. 

At page 17, lines 14-17, it is indicated that primers 
which hybridize to an exon-intron boundary do not work, i.e. do 
not lead to amplification products. Thus, the publication leads 
one skilled in the art away from using such primers. 

At pages 3 and 4, THOMANN appears to describe primers 
which either hybridize to the exon or to the intron, but not to 
the border. Taking the teachings as a whole, it is apparent that 
the primers are useful for determining primers which hybridize 
alongside, but not on the exon-intron border. 

In view of the above, it is believed to be apparent that 
THOMANN fails to remedy the deficiencies of NICHOLSON and VOS for 
reference purposes. 

Claims 34, 36 and 38 were rejected as being unpatentable 
in view of NICHOLSON as applied to claims 26, 30-32, 37, 39-40 in 
view of THOMANN. 

The deficiencies of NICHOLSON and THOMANN for reference 
purposes are discussed above. NICHOLSON is interested in 
obtaining a method of modulating bone resorption and agents for 
practicing the method. 
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THOMANN is directed to a method of identifying boundaries 
between exon and non-exon regions of genes . In view of the 
disparate nature of the two publications, it is believed that one 
skilled in the art would lack the motivation to combine and 
modify the publications to obtain the claimed invention. 

Furthermore, as already noted above, even if one skilled 
in the art were to combine the two publications, neither THOMANN 
nor NICHOLSON disclose or suggest an AFLP as claimed. 

Thus, in view of the above, applicants ask that the 
rejection be withdrawn. 

Claims 27-29, 33, 35, 41-43, 48-51 were rejected as being 
unpatentable over THOMANN as applied to claims 26, 30-32, 34, 36- 
40 and further in view of VOS . This rejection is traversed. 

The deficiencies of THOMANN and VOS for reference 
purposes are discussed above. 

It is respectfully submitted that the proposed 
combination of THOMANN in view of VOS would also fail to result 
in the claimed invention. Indeed, both THOMANN and VOS fail to 
remedy the deficiencies of the other for reference purposes. In 
particular, THOMANN is interested in identifying boundaries 
between exon and non-exon regions of genes to determine gene 
structure. In doing so, THOMANN describes sequencing a gene 
across inton-exon boundaries using spaced primers and do not 
utilize an AFLP primer as claimed. While VOS may be directed to 
AFLP, there is simply no reason or suggestion to combine and 
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modify the publications to obtain the claimed invention. Thus, 
applicants respectfully request that the rejection be withdrawn. 

Claims 33 and 35 were rejected as unpatentable over 
HARDY as applied to claims 26-32, 39-43 and 48 and further in 
view of VOS . This rejection is traversed. 

Applicants respectfully submit that the proposed 
combination of HARDY in view of VOS fails to render obvious the 
claimed invention. Indeed, neither publication remedies the 
deficiencies for reference purposes of the other. HARDY relates 
to S182 sequences, method of diagnosing Alzheimer's disease using 
these S182 genes, and methods of identifying mutations in gene 
homologous to the S182 gene. The deficiencies of HARDY for 
reference purposes are noted above. Once again, while VOS 
discloses a DNA fingerprinting called AFLP, there is no 
indication one skilled in the art would have a reason to combine 
the AFLP technique with the teachings of HARDY. Indeed, there is 
no indication that the fingerprinting techniques disclosed by VOS 
could be modified with the particular teachings of HARDY to 
obtain the claimed sequence. 

Thus, applicants respectfully request that the 
rejection be withdrawn. 

Claims 34, 36 and 38 were rejected as unpatentable over 
HARDY in view of THOMANN. This rejection is traversed. 

It is respectfully submitted that the proposed 
combination of HARDY in view of THOMANN fails to render obvious 
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the claimed invention. The deficiencies of THOMANN and HARDY for 
reference purposes are well documented above. None of the 
teachings of THOMANN or HARDY disclose an S3P primer with a 
consensus sequence and AFLP primer as claimed. 

Thus, applicants respectfully request that the 
rejection be withdrawn. 

In view of the above, applicants believe that the 
present application is in condition for allowance at the time of 
the next Official Action. Allowance and passage to issue on that 
basis is respectfully requested. 

The Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 25-0120 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 

Respectfully submitted, 
YOUNG & THOMPSON 

dxQA^ 

PhitLip DilBois, Reg. No. 50, 696 
745 South 23 rd Street 
Arlington, VA 22202 
Telephone (703) 521-2297 
Telefax (703) 685-0573 
(703) 979-4709 

PD/fb 
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APPENDIX : 

- GARRITY, Paul A. et al. f "Effects of different DNA 
polymerases in ligation-mediated PCR : Enhanced genomic 
sequencing and in vivo fingerprinting", Proc . Natl. Acad. Sci. 
USA, Vol. 89, pp. 1021-1025, February 1992 Biochemistry 
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Effects of different DNA polymerases in ligation-mediated PCR: 
Enhanced genomic sequencing and in vivo footprinting 

(mtinjtaaoa/Vent DNA polyrorrKe/lermfajd tnusfire/DNaae I/tmertpOBB) 

Paul A. Garrity and Barbara J. Wold* 

Division of BiotoRy, California Institute oTTechimtogy. Pasadena, CA 91123 

Communicated by Norman Davidson. October 8. 1991 (received for review September 4. 1991) 



ABSTRACT We have developed a simpet/ied procedure tor 
the Ligation- media ted polymerase chain reaction (LMPCR) 
using Thermococcus litoralis DNA polymerase (Vent DNA 
polymerase). We show that Vent DNA polymerase produces 
correct, brant-ended primer extension products with substan- 
tially higher efficiency than Thermos aquatints (Taq) DNA 
polymerase or modified T7 DNA polymerase (Seqnenase). Thb 
difference leads to significantly improved genomic sequencing, 
methylatlon analysis, and to mo rootprfarUag with LMPCR. 
These Improvements Include representation at uM bands with 
more uniform Intensity, dear vi su a lis a ti on of previously drffl- 
enh regions of sequence, and redaction in the occMrrence of 
spurious hands. It also shnpUOes the use at DNase I cat DNA 
for LMPCR footprinting. 



Footprinting experiments are commonly and productively 
used to study protein-DNA interactions and DNA config- 
uration in vitro. Analogous in vivo experiments done on genes 
in the living cell can bring a different and useful data set to the 
problem of gene expression, but they require special methods 
for visualizing the result. Direct genomic sequencing tech- 
niques, which permit the examination of single-copy genes in 
large genomes, are being used increasingly for this purpose 
(1-4). Ligation-mediated PCR (LMPCR) is a recently intro- 
duced method that substantially increases the absolute signal 
and the signal-to-noise ratio obtained for genomic sequencing 
(2, 5. 6). It does so by coupling PCR with genomic sequencing 
to provide specific amplification of a sequence "ladder," 
while preserving the identity and relative quantitative repre- 
sentation of each rung in the original cleaved genomic DNA 
preparation. Its application has made in vivo footpnnting (2) 
and chromosomal meihyiation analysis (6) more readily ac- 
cessible for organisms with large genomes (e.g., mammals). 

While LMPCR has been used successfully by a number of 
investigators to obtain high quality in vivo footprint and 
methylation information (2. 6, 7. 8), it has had two problems 
that can significantly compromise data quality. These effects 
are minor in some regions of sequence but can be problematic 
in others. First, certain bands are consistently weak or 
missing in the genomic ladders. Second, "extra'" bands 
occasionally appear in the genomic ladders. These bands, 
which aren't predicted from the sequence as independently 
determined from cloned DNA. are usually adjacent to ex- 
pected bands and therefore convert some triplets into quar- 
tets, some doublets into triplets, and so on. We present here 
a solution for these problems that also permits simplification 
of the LMPCR procedure. These improvements stem from 
the use of Thermococcus litoralis DNA polymerase (Vent 
polymerase). This thermostable polymerase possesses no 
detectable terminal dcoxynucleotidyitransferase activity un- 
der our conditions, and this characteristic dramatically im- 



proves LMPCR genomic sequencing. For in vivo footprinting 
and genomic sequencing applications, Vent polymerase 
yields substantially superior results, improving overall signal 
and, most importantly, the quality of sequence in difficult 
regions. We also show that starting material possessing 
3'-hydroxyl ends (m this case DNase I-cut DNA), which had 
required modification of template ends with dideoxynucte- 
otides in the older form of LMPCR (9), can now be used for 
in vivo footprinting purposes without modification. 

MATERIALS AND METHODS 
Cell Culture and DNA Preparation. L cells were grown in 
Dulbecco s modified Eagle's medium with 1096 undialyzed 
calf serum (Irvine) and 2 mM grutaminc. Naked and in vivo 
dimethyl sulfate (DMS)-treated MM14 DNA was provided by 
P. Mueller. DNA samples far genomic sequencing and DMS 
footprinting were prepared as in refs. 10 and 11. In vivo 
DNase I treatment was as in ref. 12. except that cells were 
permeabilized on ice with lysolecrthin (0.2S mg/ml) for 60 
sec. Addition of dideoxynucleotides prior to LMPCR where 
noted was as in ref. 9. 

LMPCR. LMPCR using T7 DNA polymerase (Sequcnase 
version 1.0; United States Biochemical) and Thermits aquat- 
ic us {Too) DNA polymerase (AmpoTaq; Cetus) was done as 
in refs. 2 and 5. LMPCR using Thermococcus litoralis DNA 
polymerase (Vent; New England Biolabs) was done as below. 
All solutions were chilled and manipulations were performed 
on ice except as noted. The pH values given are for room 
temperature. To 5 pi (2 fig) of DNA in TE (10 mM Tris-HCl, 
pH 7.5/1 mM EDTA) was added 25 id of first-strand mix 
n.2x first-strand buffer (48 mM NaCl/12 mM Tris-HCl, pH 
8.9/6 mM MgSO«/0.012% gelatin) with 0.3 potoi of gene- 
specific primer 1, 240 pM each dNTP, and 1 unit of Vent 
polymerase]. First- strand synthesis used a thermal cycle of 5 
min at 95°C, 30 min at 60°C, and 10 min at 76°C. The samples 
were immediately iced. (It is important to minimize Vent 
polymerase activity during the ligation step by keeping the 
sample cold.) Twenty microliters of dilution solution (110 
mM Tris-HCl, pH 7.5/18 mM MgCWSO mM dithiothreitol/ 
0.0125% bovine serum albumin) and 25 ul of ligation solution 
{10 mM MgClj/20 mM dithiothreitol/J mM ATP/0.005% 
bovine serum albumin with 100 pmol of unidirectional linker 
in 250 mM Tris-HCl (pH 7.7) (thawed and added on ice) and 
4.5 units of T4 DNA ligase (Promega)] were added. After 
incubation for 12-16 hr at 17°C, samples were iced and 9.4 /J 
of precipitation solution (0.1% yeast tRNA/2.7 M sodium 
acetate, pH 7.0) and 220 §t\ of ethanoi were added. The 
samples were placed at -2CC for 2=2 hr and then spun for 15 
min at 4°C in a microcentrifuge. The pellets were washed with 
75% cthanol and dried in a Speed-Vac rotary evaporator 
(Savant). Samples wereresuspended in 70 tti of water at room 
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temperature and placed on ice. After addition of 30 fii of 
amplification mix [3.33x amplification buffer (133 mM 
NaCI/67 mM Tris, pH 8.9/17 mM MgSO«/0.03% gelatin/ 
0.3% Triton X-100) with 670 pM each dNTP, 10 pmol of 
gene-specific primer 2, and 10 pmol of linker primer 
LMPCR. U) and 3 pi (3 units) of Vent polymerase, samples 
were overlaid with 90 pi mineral oil and subjected to PCR 
using 18 cycles of 1 min at 95°C, 2 min at 66°C, and 3 mm at 
76*C, with these modifications: (0 first-round deaaturation 
was 3.5 min at 95°C; (11) 5 sec was added to the 76°C step with 
each successive cycle (e.g., second round, 3 min 5 sec at 
76°C); (ill) for cycle 18, the 76°C step was 10 min. Samples 
were then placed on ice and 5 pi of labeling mix [lx 
amplification buffer with 2 mM each dNTP, 2.3 pmol of 
gene-specific primer 3 (end-labeled as in reft. 2 and 5), and 1 
unit of Vent polymerase] was added. The labeling cycle was 
3.5 nun at 95°C, 2 min at 69"C, 10 min at 76"C, 1 min at 95°C, 
2 min at 69°C, and 10 min at 76°C. The reaction was stopped 
by placing the samples on ice and adding 300 pi of stop 
solution (10 mM Tris-HQ, pH 7.5/4 mM EDTA/260 mM 
sodium acetate, pH 7.0, containing tRNA at 67 pg/ml). 
Samples were shifted to room temperature and extracted with 
400 pi of phenol/chloroform/isoamyl alcohol (25:24:1, vol/ 
vol). The aqueous phase was split into four alkroots of 94 pi , 
and 235 pi of ethanol was added to each. Before electropho- 
resis, samples were precipitated, washed, and dried as above. 
After re suspension in 7 pi of load dye (2, 5) and heating at 
BS°C for 5 min, samples were iced and then loaded on 6% 
polyacrylamide sequencing gel (2, 5). Loading one-fourth of 
an LMPCR mixture per lane yielded a strong signal on X-AR 
film (Kodak) after 3 hr with an intensifying screen at -8fjnc 
or 12 hr with no screen at -20*C. The unidirectional linker, 
linker primer, and muscle creatine kinase (MCK) oligonu- 
cleotides were as in ref. 2. The sequences (5' to 3') of the 
s GAGTTCTCO- 
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TAAACTCCAGAGCAOC (primer 1), CAGAOCAGCGAT- 
AGGCCGTAATATC (primer 2). and AGCGATAOGCCO- 
TAATATCGGGGAAAGC (primer 3). 

RESULTS AND DISCUSSION 
LMPCR (Fig. 1) relies on creation of a blunt end ic 



Later, in the labeling reaction, precise Want-end u 
of the extension product is required. If the Urn 
extensions stop short or add extra rjofUernptated bases, the 
result will be extraneous, inappropriate bands. In general, 
imperfect extension products may result from DNA poly- 
merases adding a nonternplated additional base after creating 
a blunt end (referred to as terminal transferase activity) (13). 
Both polymerases commonly used for LMPCR display some 
terminal transferase activity. Sequenase. used in the first- 
strand synthesis reaction, adds an extra base to —50% of its 
products. Taq, used m the PCR amplification and labeling 
steps, adds an extra base to -95% of its products (P. Mueller 
and B.J.W., unpublished data). Such activity during the 
first-strand synthesis creates molecules unable to participate 
in the blunt-end ligation. Should this activity show sequence 
preference, it would lead to unde i ie piBs e nta tion or even 
complete loss of specific bands in the final LMPCR product. 
Terminal transferase activity might also explain the origin of 
spurious "extra" bands in an LMPCR ladder. For example, 
a single band in a genomic sequencing ladder would appear 
as a doublet if some products of the labeling reaction acquired 
the extra base. Wc hypothesized that the terminal transferase 
activities of Sequenase and Tag were the major source of 
imperfect regions in LMPCR ladders and sought a DNA 
polymerase that lacks appreciable terminal transferase ac- 
tivity. 




Vent DNA polymerase was tested in side by side compar- 
d Taq DNA polymerase. The non- 
coding strand of the mouse MCK enhancer was used (14, 15) 
because it contains runs of G residues that have been 
problematic in Sequenase/Taq-based LMPCR. Mouse ge- 
nomic DNA treated with DMSta vttro was used in tbe initial 
tests. Subsequent pipcridme treatment gave G-speciftc cleav- 
age (16). and LMPCR with MCK primers yielded the G-spe- 
cific MCK sequence ladder. The activities of Taq DNA 
polymerase and Vent DNA polymerase were compared in the 
amplification and labeling stages of LMPCR. The products of 
Vent-catalyzed amplification and laboring consistently mi- 
grated more rapidly than those of r^-catalyzed companion 
reactions by a one-base increment (Fig. 2). Since Taq is 
known to add an extra base to most of its products, we 
interpreted the migration shift as an indication that Vent 
lacked detectable terminal transferase activity and ought 
therefore be an excellent candidate to replace both Seque- 
nase and Taq in LMPCR. 

When Vent was compared with Sequenase in the first- 
strand synthesis, the most obvious effect was that the yield 
of LMPCR product increased severatfald (Fig. 2). This is 



by Vent in the first-strand synthesis and confirms that this 
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Fin. 2. LMPCR polymerase comparison. Eacfa reaction used 
MCK primers and 2 ng of MM14 cell DNA treated with DMS in vitro 
and pipe ridine cleaved. Sequence at left is taken from Fig. 3 . Hatched 
and solid bars are discussed in text. Seq, Sequenase. 

step is suboptimaJ with Sequenase. More important. Vent 
first-strand synthesis allowed visualization of bands that 
were underrepresented or absent in Sequenasc-bascd 
LMPCR (note especially the several runs of G in the MCK 
enhancer denoted by the black bars in Fig. 2). Also, all bands 
in the ladder were more even in intensity. This is consistent 
with Vent creating blunt ends at many different sequences 
with similar efficiency and suggests that Sequenase shows 
sequence bias in blunt-end production. In addition to the shift 
in migration, the use of Vent instead of Taa in the amplifi- 
cation and labeling steps generated a sequencing ladder in 
which fewer spurious bands appeared. A good example is 
noted by the hatched bar in Fig. 2, where a known G triplet 
(15) appeared to be a quartet when Taq was used but resolved 
into the expected triplet when Vent was used. Thus, the use 
of Vent polymerase in LMPCR improved both the first-strand 
synthesis step and the amplification and labeling steps. 

Sequencing and Metayfatfkm. In LMPCR -based genomic 
sequencing, total genomic DNA is cleaved by the Max am and 
Gilbert base-specific reactions (11. 16) and this cleaved DNA 
serves as the substrate for LMPCR. Fig. 3 shows compara- 
tive genomic sequencing of the MCK enhancer done by either 
Sequenase/ Tag-based or Vent -based LMPCR. Regions are 
noted where sequence determinations could not be made 
using Sequenase/7aq-based LMPCR (the published se- 
quence is given at right). In the region noted at the bottom of 
Fig. 3, not only is a T residue missing (upper open triangle), 
but a C residue is rendered ambiguous by the presence of 
spurious bands in the G+ A and G lanes (lower open triangle). 
In the middle region, the lower two bases of a CTC triplet are 
d intensity in the C lane (open triangle, correct band) 




Fig. 3. LMPCR 
Each reaction used MCK primer* 
treated with the appropriate Maxam 
in vitro and then cleaved with piperid 
discussed in text. Sequence al right 
cloned DNA. An A residue reported 
intensity in O and G+A lanes, so the s 
as GACGGG in agreement with delei 
ref. 14. ~ 

due to a spurious band in the C lane (filled triangle). In each 
of these cases the Vent-based results are unambiguous. The 
extended G-rich regions (noted by the black bar) are even 
more dramatically improved by the use of Vent, though some 



The analysis of chromosomal methyl at ion [which has been 
implicated in such phenomena as chromosomal imprinting 
(17) and X chromosome inactivation (IS)] is also improved. 
The Maxam and Gilbert C and C+T reactions require that C 
residues be unmethylated to participate. Because only un- 
methylated C residues appear in the sequence ladder, ge- 



g provides both sequence a 



icthylation 



information. The two adjacent cytosines in the G-rich region 
are represented well only with Vent-based LMPCR and the 
CTC triplet noted above appears to be a CCC triplet unless 
Vent-based LMPCR is used. Thus methylation information 
concerning these residues, which would have been either 
ambiguous or nonexistent using the older method, can now 
be clearly determined. It can be concluded from this exper- 
iment that the C residues of the MCK enhancer are not 
entirely methylated in MM14 cells, because they do appear in 
the ladder. However, the degree of partial methylation of any 
C residue can be determined only by a side-by-side compar- 
ison with unmethylated control DNA; hence, methylation of 
some copies of the MCK enhancer would not be detected in 
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. In vivo footprinting is an especially 
of gcDomic sequencing because h fo- 
cuses directly on the relative intensities of individual bands 
in different samples. This demands that the intensity of each 
band in the final sequence ladder reflect in a consistent 
manner ha relative abundance in the population of starting 
material. Thus, spurious "extra" bands that comigrate with 
genuine bands can obscure the subtle quantitative changes 
that usually comprise a footprint. In addition, some very 



n of all legitimate cleavage products is therefore 
important, because an area of protein-DNA interaction may 
— mtiauyr 

In vivo f 
cells to DMS.t 

alkylated DNA, . . . . 
resulting G -specific sequence ladder with one generated by 
exposing purified, naked DNA to DMS in vitro (4). Band 

any other changes in DMA structure that alter reactivity with 
DMS. Fig. 4 shows in vivo footprinting of the MCK enhancer, 
which is active in differen tiated muscle ceJh (myocytes) but 
not in undifferentiated muscle precursor crib (myoblasts) (2, 
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14, 15). G-specmc sequence ladders were derived from in vivo 
DMS treatment of i mBHercntate d MM14 myoblasts and 
differentiated MM14 myocytes and from in vitro DMS treat- 
ment of naked MM14 DNA. LMPCR was performed with 
either Sequenase or Vent first-strand synthesis followed by 
cither Taq or Vent amnBrkation and labeling. The footprint 
information derived from this experiment was consistent with 
that of previous LMPCR footprints of the MCK enhancer (2). 
In the region shown, myocyte-^pcofic footprints arc noted at 
three regulatory elements that have previously been defined as 
important for function (reviewed in ref. 2). The biological 
implications of this pattern have been discussed (2), and we 
focus here on bow the new methods affect in vivo footprint 
analysis. Vent-based LMPCR gives greater absolute signal, 
and interactions that arc sometimes difficult to see using 
Sequenase/Tn^-based LMPCR, such as those at MEF-2 and 
near MEF-1, are now more obvious. This improvement is the 
combined result of acquiring previously missing bands and 
eliminating extraneous bands. For footprinting purposes, it is 
vital that identical DNA samples yield identical LMPCR 
results so that quantitative differences between different DNA 
samples can be interpreted. Vent-based LMPCR yields highly 
reproducftle results , as shown by the exact match between the 
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Fto. 4. LMPCR VMS In vivo footprinting method conyrisoc Bach reaction oaed MCK primcn and 2 j«g of MM14 cefl DNA treated with 
DMS in vtvo or In vitro prior to piperidtoe cleavage. Naked (Nak) DNA was purified and then DMS-treated In vitro. Myoblast (MB) and myocyte 
(MC) DNA samples were from euhured cells mated with DMS. Bfadta* sfcea indicated at ri*ht art described in ref. 2. where IgK is called k 
and MEF-2 is called A-rieh. Overexposure of tones 10-14, required to see lanes 1-3 , obscures footprints apparent at no ns a t u r a rin g exposures . 
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t LMPCRs using duplicate DNA 
triples (Fig. 4. lanes 10 and 13. lanes 11 and 14). Tile LMPCR 
improvements observed were not restricted to the MCK 
enhancer region shown. Similar results were obtained for the 
mouse metalkKhkmein I promoter (unpublished data). 

DNase I-Cfcaved Substrates. Beyond the issues of ladder 
quality , a separate limitation of LMPCR had been an inability 
to use DNA possessing 3 '-hydroxy I ends for in vivo foot- 
printing from organisms with large genomes. Although DMS/ 
ptperidine cleavage does not leave 3'-hydroxyl ends, other 
useful footprinttng agents, such as DNase I, do. Riggs and 
coworkers were able to circumvent this problem by the 
addition of a dideoxynucleotide to the 3 '-hydroxy! ends of 
DNase I -digested material prior to Sequeaasc/raf-based 
LMPCR (9) and have obtained in vivo footprint* with DNase 
I (19). Though effective, the additional manipulations are 
time-consuming and in our bands have resulted in low 
recovery of input DNA. With the Vent-based protocol, 
1 in vivo DNase 1-digested DNA s 
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n clarity and intensity to those from dideoxy- 

ified DNA (Fig. 5). Thus the addition of a 

dideoxynucleotide prior to LMPCR of 3'-hydroxyt- 
cdntaining DNA is no longer necessary. The basis for this is 
not certain, but increased temperature (76*C versus 47°C) in 
the Vent-catalyzed first-strand synthesis reaction may be 
important. It may inhibit the pruning of DNA synthesis by the 
enormous numbers of genomic DNA 3'-hydroxyl ends pres- 
ent in the first-strand reaction, while still providing efficient 
extension from the hybridized, gene-specific oligonucleotide . 

The more uniform and efficient use of starting material in 
Vent-based LMPCR should allow the use of less sample DNA 
while still obtaining statistically significant results. Fiuctua- 



populatioo sampled is small (founder effect, a 
ref. 5). They can obscure sequence or be mistaken for a 
footprint. Improved efficiency in LMPCR reduces the po- 
tential for founder-based artifacts in formerly problematic 
sequences. Although the favorable effects of the Vent-based 
LMPCR procedure can be readily explained by an absence of 
terminal transferase activity, that is not formally proved here. 
Whatever their mechanistic origin, the properties of Vent 
extension reactions reported here suggest that Vent poly- 
merase may also be superior for other applications in which 
bhmt-ended products are desired. 
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